Summary. The 
Introduction
The damage caused to fowl and turkey spermatozoa by the addition of diluents and cryoprotective agents and freezing and thawing have been documented (Polge, 1951; Harris, Thurston & Cundall, 1973; Westfall & Harris, 1975; Sexton, 1976; Oderkirk & Buckland, 1976;  Marquez & Ogasawara, 1977; Bakst & Sexton, 1979) . Although gross anomalies such as bent spermatozoa (also called crook-neck (Saeki, 1960) and neck-bending (Yamane, Tsukunaga & Takahashi, 1966; Van Wambeke, 1977 ) spermatozoa), tail coiling, and mitochondrial swelling are discernible with bright-field light microscopy, plasmalemma integrity is difficult if not impossible to discern. Drevius & Ericksson (1966) devised a method whereby plasmalemma integrity could be determined by phase-contrast microscopy: bovine spermatozoa were placed in a hypotonie medium with a refractive index greater than that of the sperm cytosol and areas of plasmalemma distension resulting from the osmotic uptake of water were visualized. Such areas appeared as bright spots or halos and were only seen with spermatozoa that had an intact plasmalemma. The degree of plasmalemma distension, i.e. water uptake, by the spermatozoa was directly related to the tonicity of the medium, demonstrating that bull spermatozoa behave as osmometers (Drevius, 1972) . Hypotonie media also induced partial or complete coiling of the axoneme, depending on the tonicity of the medium.
The similarity between the morphological alterations of bull spermatozoa in hypotonie media (Drevius & Ericksson, 1966) and fowl and turkey spermatozoa after the addition of cryoprotective agents and freezing and thawing (Bakst & Sexton, 1979) prompted the present study to (1) examine the effects of hypotonie semen extender on morphological and physiological characteristics of fowl and turkey spermatozoa, and (2) devise a method for the rapid assessment of sperm plasmalemmal integrity.
Materials and Methods
Semen collection and preparation were identical for the fowl and turkey. Semen was collected by abdominal massage from 5 or more males of known fertility, and was pooled and diluted with an equal volume of Beltsville Poultry Semen Extender (BPSE) (see Sexton, 1977, for composition) . Equal aliquots of BPSE were made hypotonie (80, 60, 40, 20 (Barr, Goodnight, Sell & Helwig, 1976) .
Results

Morphology
The morphology of undiluted fowl and turkey spermatozoa was identical when viewed with phase-contrast microscopy. The spermatozoa were filiform in shape and had a thick head region which tapered slightly at the midpiece and again at the annulus. The •5bc -5ab -3bc
•5a
.5bc
•4C •7C
•3d 3d Tables 1 and 2 . The increased viscosity of the BPSE due to the addition of Ficoll resulted in an overall depression in fowl and turkey sperm motility. Although motile in the Ficoll containing solutions, the spermatozoa were sluggish. The addition of Ficoll to the 0% BPSE solution significantly reduced the numbers of dead spermatozoa compared with those in 0% BPSE alone, but all of the spermatozoa were still immotile. Table 3 , the fertility of fowl was decreased when spermatozoa in 60% BPSE were used. For turkey spermatozoa, a significant depression of fertility was seen with 40% BPSE and no fertile eggs were obtained with 0% BPSE.
There was little effect of hypotonie BPSE on prolonged fertility of turkeys: only in the 60% BPSE group did fertility decrease significantly during the 2nd week after AI (Table 3) .
To assess the affect of Ficoll on fertility, 7 fowl hens were inseminated weekly with 100% BPSE plus 20% Ficoll. After 4 weeks fertility was 85%, indicating that Ficoll had a slight depressing effect on fertility when compared to the value of 92% (Table 3) (1966) suggested that the occurrence of bent spermatozoa is a manifestation of midpiece hydration and/or disruption that is limited to motile spermatozoa exposed to hypotonie conditions. The observations in this study support, in part, those of Lake (1954 ), Tsukunaga & Takahashi (1961 and Yamane et al. (1966) . We found that the disruption of the midpiece may be limited to the distension of the plasmalemma overlying the midpiece and does not necessarily affect the mitochondrial sheath. Mitochondrial swelling, however, is prevalent when spermatozoa are exposed to the more hypotonie solutions. Distension of the plasmalemma at the midpiece may predispose this segment to further damage such as bending and mitochondrial swelling. Plasmalemma distension at the midpiece appears to precede or is concomitant with formation of bent spermatozoa as a distended plasmalemma was always accompanied by distension of the plasmalemma in that region. Dickey (1965) suggested that bent spermatozoa in the bovine epididymis were related to the translocation of the cytoplasmic droplet which completely encloses the bend. Bent bovine spermatozoa in ejaculates are motile, although they move with the droplet in a forward position and with the head trailing (Saacke, 1970) .
Our observations on motility, percentage dead, and morphology gave no indication why the fertility of fowl spermatozoa in 60% BPSE should be less than that of turkey spermatozoa. The numbers of spermatozoa inseminated differed (250 lOVweek in turkey and 150 106/week in fowl) but the percentages of abnormal spermatozoa were similar, with almost all the motile spermatozoa being bent. Considering that the number of bent spermatozoa is inversely proportional to fertility (Saeki, 1960) (Drevius & Ericksson, 1966) .
Although several variations of bent spermatozoa have been described based on the location and degree of the tail flexure (Tsukunaga & Takahashi, 1961; Yamane et The type of damage observed in this study is nearly identical to that reported by Bakst & Sexton (1979) resulting from pre-and post-freezing treatments of fowl and turkey spermatozoa. Plasmalemma distension, bent spermatozoa, coiled tails and mitochondrial swelling were observed by scanning electron microscopy after each step of the freezing process and were attributed to adverse osmotic conditions. Turkey spermatozoa appeared more susceptible to preand post-freezing treatments although qualitatively the damage to fowl and turkey spermatozoa was identical. In this study, turkey spermatozoa also appeared more susceptible to plasmalemma distension and mitochondrial swelling, and this may indicate differences in plasmalemma permeability or that the midpiece of the turkey spermatozoon is more hypertonic, with respect to its environment, than that of the fowl spermatozoon.
Using phase-contrast microscopy to examine spermatozoa in a hypotonie medium with a high refractive index permits assessment of the integrity of the sperm plasmalemma. With the assumption that spermatozoa with an intact plasmalemma (showing a halo) are alive, this procedure is being compared to nigrosin/eosin staining for possible application as a live/dead indicator of spermatozoa.
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